Enterohepatic circulation of bile salts in farnesoid X receptor-deficient mice: efficient intestinal bile salt absorption in the absence of ileal bile acid-binding protein.
The bile salt-activated farnesoid X receptor (FXR; NR1H4) controls expression of several genes considered crucial in maintenance of bile salt homeostasis. We evaluated the physiological consequences of FXR deficiency on bile formation and on the kinetics of the enterohepatic circulation of cholate, the major bile salt species in mice. The pool size, fractional turnover rate, synthesis rate, and intestinal absorption of cholate were determined by stable isotope dilution and were related to expression of relevant transporters in the livers and intestines of FXR-deficient (Fxr-/-) mice. Fxr-/- mice showed only mildly elevated plasma bile salt concentrations associated with a 2.4-fold higher biliary bile salt output, whereas hepatic mRNA levels of the bile salt export pump were decreased. Cholate pool size and total bile salt pool size were increased by 67 and 39%, respectively, in Fxr-/- mice compared with wild-type mice. The cholate synthesis rate was increased by 85% in Fxr-/- mice, coinciding with a 2.5-fold increase in cholesterol 7alpha-hydroxylase (Cyp7a1) and unchanged sterol 12alpha-hydroxylase (Cyp8b1) expression in the liver. Despite a complete absence of ileal bile acid-binding protein mRNA and protein, the fractional turnover rate and cycling time of the cholate pool were not affected. The calculated amount of cholate reabsorbed from the intestine per day was approximately 2-fold higher in Fxr-/- mice than in wild-type mice. Thus, the absence of FXR in mice is associated with defective feedback inhibition of hepatic cholate synthesis, which leads to enlargement of the circulating cholate pool with an unaltered fractional turnover rate. The absence of ileal bile acid-binding protein does not negatively interfere with the enterohepatic circulation of cholate in mice.